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Non-technical summary
In 1997, a minimum wage has been introduced in the German roofing sector which has been regularly increased since then. As a result, the share of workers for whom the minimum wage is binding increased steadily. In eastern Germany, this binding rate reached 60% by the mid 2000s, while workers in western Germany were less affected by the minimum wage. Against this background, the present paper investigates the effect of the minimum wage on competition in the roofing sector. Competition is measured by market entry, market exit and profits of firms active in the market. Our analysis is guided by the argument that the minimum wages may by used by established firms to raise rivals' costs and prevent entry by potential competitors. Lower entry rates reduce price competition and may stabilise or even raise profits of established firms.
We analyse the effects of the minimum wage using a difference-in-differences framework, based on a firm panel data set that covers all firms in the roofing sector as well as in the plumbing sector -which serves as reference sector-from 1996 to 2010. Firm-level panel estimations are employed to identify wage effects on profits while panel estimations at the level of regional markets are used to capture likely effects on entries and exits. As the binding rate of the minimum wage is significantly different between eastern and western Germany, all models are estimated separately for the two regions. In addition, firms are separated into two groups, sole traders (i.e. firms not affected by the minimum wage since they do not employ workers) and firms with employees (which do employ workers).
Estimation results reveal that the minimum wage had no effects on competition in the roofing sector in western Germany while some evidence for the theory on raising rivals' cost can be found for eastern Germany. In eastern Germany, both market entries and market exits of firms with employees were reduced by the minimum wage. At the same time, the minimum wage contributed to higher profits of established firms, obviously caused by the lower level of competition due to lower entry and exit rates. Interestingly, the minimum wage clearly favoured market entries by sole traders in eastern Germany, which may point to some type of evasion strategy since almost all newly entering sole traders refrained from employing workers at a later stage. 
Das Wichtigste in Kürze

Introduction
Most theoretical and empirical papers on the consequences of minimum wages consider employment effects. This is understandable, but introducing or raising minimum wages may also have quite different implications. As legislative intervention affects production costs, the competitiveness of firms may be also altered. If the frequently supposed negative effects really are prevalent, less efficient firms may be forced to leave the market and a larger part of the market may be served by foreign suppliers. This scenario need not necessarily become true if the companies in question make reasonable profits before the minimum wage has been introduced and the competitive pressure is not too tough. But even then it is quite possible that profits are reduced and employers suffer from this legislative action. It might be the case that the introduction of minimum wages implies winners and losers and it appears to be worthwhile investigating how producers are affected and whether they really are the losers if mandatory minimum wages are introduced.
The discussion about possible effects of minimum wages on employment and firm competitiveness is quite controversial. Basically there are two views. On the one hand, a standard supply and demand model with competitive market structure is applied and increasing labour costs will in this scenario reduce employment. Profits will also be negatively affected. On the other hand, there are many reasons why labour markets are not frictionless and workers are immobile. Information on job alternatives is imperfect, moving involves costs, workers have specific preferences for a job or an employer and finally workers are frequently quite specialized and cannot immediately find alternative employment opportunities.
If a labour market can be described by monopsony, oligopsony or monopsonistic competition, an increase in the minimum wage may induce more employment rather than less. However, the effects on profits would still be negative. Hence the effects of minimum wages on employment and competitiveness may not go in the same direction and therefore a welfare-theoretic evaluation of minimum wages should also take into account the impact on capital owners.
We like to add a third view concerning the possible effects of minimum wages on competition. The literature on the incentives to raise rivals' costs emphasises (among other strategies) the advantages for some established firms of reaching an agreement with unions on generally binding wages in an industry. This may even be in their interest if their own wage costs rise, but the competitors are hit more intensively. The establishment of minimum wages by the legislator may just work in the same direction. Hence it is possible that the introduction of minimum wages benefits some firms but proves to be a disadvantage to others.
Of course, the performance of companies, industries or the whole economy is not an insignificant aspect of minimum wages. On the one hand, minimum wages might have opposing effects for workers and employers, and then the redistributive effects should at least be identified before any legislative action takes place. On the other hand, if profitability is affected, the long-term effect of minimum wages on employment might differ from the short-term impact. The loss of competitiveness may well over time lead to the exit of the less efficient firms. Employment would then be reduced in the long run.
Moreover, if the domestic industry is covered by a minimum wage but foreign firms are not, imports might rise (if the good is tradable) and the domestically produced goods would be substituted by the imported ones. Analysing the relation between minimum wages and competition is of value in itself, but is also -especially if long-term impacts are considered -relevant to employment.
Increasing rivals' costs through minimum wages can be particularly important if incumbents want to prevent market entries and thus reduce the degree of competition. Newly established firms often enter markets below the minimum efficiency size because of financial constraints (Audretsch 1995 , Mata et al. 1995 . As newcomers, they also suffer from certain liabilities of newness such as low level of reputation vis-à-vis potential customers and low attractiveness for skilled workers. Young firms typically try to compensate for these competitive disadvantages by operating at lower variable costs than incumbents do, including lower wages. Minimum wages can undermine this strategy and prevent potential entrants from market entry (Göddeke et al. 2011 , Haucap et al. 2001 ).
The role of minimum wages as an instrument to avoid competition has been discussed recently for the case of postal services in Germany. Heitzler and Wey (2010) argued that the introduction of a minimum wage in this sector at the end of 2007, shortly before a further deregulation step in the postal market in Germany, caused many firms to exit the market and deterred market entry. They stress that the minimum wage has been particularly effective in reducing competition because it increased not only marginal costs of labour, but also fixed costs, which has deterred the entry of firms that were more efficient than the incumbent.
The case of postal services is certainly a specific one owing to the particular market regulation and the existence of a large incumbent which was a formerly a state-owned company and is believed to provide services below an efficiency level that would appear under full competition. The objective of this paper is to investigate the role of minimum wages on competition in a market that is characterised by many small firms that act under monopolistic competition and where a minimum wage increases marginal costs of labour only. Competition is measured through four indicators, the level of firm profitability, market entries, market exits and change in the stock of firms. In contrast to the case of postal services, we look at the long-term co impact of minimum wages on competition rather than the short-term effects of the introduction of a minimum wage.
We use the German roofing sector as a case for which these characteristics apply. This sector is particularly interesting for various reasons. First, it has a long history of a minimum wage which was introduced in 1997 and has since then increased gradually. Secondly, in 2003 a uniform minimum wage across all regions was implemented despite significant differences in productivity and wages at a regional level, particularly between western and eastern Germany. Thirdly, the roofing sector is only one of a few sectors in construction services that are subject to a minimum wage while other construction services that are faced with similar market developments and show a similar industry structure have no minimum wage. This provides us with a fortunate situation of having a proper control group against which we can evaluate minimum wage effects.
Finally, supply in the roofing business is dominated by a large number of very small firms, including many sole traders. This allows an analysis of minimum wage effects on firms with and without wage labour.
Another interesting aspect is the geographical disparity of the share of workers for whom the minimum wage is actually binding. In the centre of our analysis is the effect of minimum wages on the economic situation of the affected firms and the impact on market structure. Though the minimum wage in the roofing sector applies to all roofing firms in Germany, regional economic conditions are quite dissimilar. In particular, there are significant differences between the performance of the roofing business in eastern Germany and the roofing business in western Germany . As a consequence, wages also differ quite widely between the two regions, and therefore the effect of the minimum wage varies greatly between eastern and western Germany. Roofing firms predominantly employ qualified workers. In the western part, qualified workers usually earn more than the minimum wage, resulting in a negligible impact of the minimum wage in western Germany. The situation is very different in eastern Germany where most qualified workers receive a wage close to or at the level of the minimum wage. This regional variation offers an opportunity to examine the impact of a minimum wage within the same industry.
The empirical analysis rests on a difference-in-difference estimation approach, i.e. we observe competition in the roofing sector prior to and following the introduction of a minimum wage and use the plumbing sector as a control group. Using the Mannheim Enterprise Panel, we construct a unique panel data set for firms from both sectors containing annual data on profitability, entries and exits for a period that runs from years prior to the minimum wage introduction in 1997 to 2010. The sample covers almost the entire firm population in both sectors. We analyse profitability at the level of individual firms and aggregate firm data to regional markets in order to analyse effects on entry, exit and the stock of firms. Due to data limitation, we have to refrain from a detailed analysis of minimum wage effects on prices but we do report some general findings on price effects that can be attributed to the minimum wage.
The paper continues with some theoretical considerations on the link between minimum wages, prices, profitability and market entry and exit (Section 2), followed by a review of relevant empirical studies (Section 3). Section 4 provides background information on market structure and competition in the German roofing sector and Section 5 presents the empirical strategy of our analysis. The data are described in Section 6 and the empirical results are presented in Section 7. Section 8 concludes.
Theoretical Considerations on Minimum Wage and Competition The Competitive Market Theory
In the standard model of a competitive market firms are small, earn no economic profits and have no impact on the market-determined wage rate. Paying a higher wage would drive a company out of business and if it attempts to pay less than the market wage rate, vacancies could not be filled and the already employed workers would quit.
In such a situation, the introduction of a binding minimum wage would affect all firms in the same way and lead to cost increases, higher prices and lower demand, and consequently also to lower output. In the presence of fixed costs or efficiency differences (not implied by the standard model of a competitive market), some suppliers have to leave the market. Entry will be reduced.
However, the negative impact of minimum wages on employment may be counteracted by some factors. Higher wages might lead to efficiency wage effects by stimulating employee motivation and then productivity would increase. Moreover firms may provide additional training and as the workers who are affected by the minimum wage are in most cases the unqualified ones, such initiatives will be quite valuable for their employment prospects, but also probably for productivity and firm performance. In addition the higher wages that have to be paid to any workers in the presence of a minimum wage may induce substitution effects. The employers may now look for better qualified and more experienced workers, who offer a better return for the increased wage in comparison to the ones employed prior to the introduction of the minimum wage. With a better qualified workforce product strategy might also be affected. The firms might now aim at products with higher quality.
It is unclear whether the described counterstrategies are able to balance the cost increase, but they probably contribute to a mitigation of the effects. Still, some or most firms will suffer from the less favourable production conditions. If the industry has made high profits before, the minimum wage may simply lead to redistributive effects without affecting the number of employees and the number of firms. However, if the competitive situation was tough before the minimum wage was imposed, its negative effects might be stronger. Passing on the cost increases to custumers may be difficult in the presence of intense competition and substitution possibilities for the customers. Furthermore, foreign producers might increase imports (in the case of tradable goods) if they now have a relative cost advantage. Then the less efficient firms in the industry in question may have to leave the market. In such a (negative) scenario we would observe reduced profitability, more exits and relatively few entries by domestic firms.
The Monopsonistic Model
The competitive model predicts lower employment if a minimum wage is imposed or raised and therefore also lower output is expected. Increased wage costs and lower output imply in turn higher prices. Under monopsonistic competition, however, employment will rise or at least remain constant if the minimum wage is not set too high. This is because in a monopsonistic situation the marginal costs of hiring a worker are not equal to the wage rate. If the minimum wage is fixed at a level above the monopsonistic level, but below marginal costs of employing additional workers by a monopsonist, the now relevant marginal costs are below the former level. For some level of employment marginal costs remain constant and this leads to higher employment. As labour input and output are correlated, firms produce more. Then prices will fall in response to minimum wage changes. Hence the predictions of the two models are not only in conflict with respect to the employment effects but also with respect to output and prices.
However, regardless of whether monopsony, oligopsony or monopsonistic competition is the relevant case on the labour market, producers suffer from the cost increases which are related to the introduction of minimum wages. If the product market is very competitive the less productive firms may be forced to leave the market and the remaining firms will realize lower profits.
The Raising Rivals' Costs Theory
The competitive market and the monopsonistic models are usually the theoretic foundation of (the few) contributions on the impact of minimum wages on competitiveness.
However, the effect could well go in the opposite direction.
Markets differ and so do competitive strategies. In some markets price is the strategic variable and low cost producers try to gain market share by underbidding other producers. This will probably be of relevance for entrants into a market with standardized products and availability of (low skilled) employees, who are prepared to work for a low wage.
The literature concerning the strategies of "raising rivals' costs" does not explicitly consider minimum wages introduced by the legislator (with the exception of Heitzler and Wey 2010) but they do deal with a very similar issue, namely the imposition of wage rates which are generally binding for all firms active in an industry. Williamson (1968) discusses a court decision on an alleged conspiracy of a union with a group of employers with the aim of raising wage costs in competing firms to the level relevant for the allegedly conspiring firms. In his model firms produce with differing capital-labour intensities. Clearly, after the imposition of binding and relatively high wages, the labour intensive producers are disadvantaged. Williamson (1968) uses a standard limit pricing model to show that these firms cannot enter. Haucap, Pauly and Wey (1999) consider the case of domestic firms with different productivities. Haucap, Pauly and Wey (2001) analyse the interest of employers' associations and unions in generally binding wage agreements. Both the union and the employers' association may have an incentive to increase the wage rate. This is because it may help to increase rivals' costs, therefore limiting competitive pressure. However, the employers' association may even prefer a higher wage than the union does and the union may enhance efficiency by limiting wage increases.
The effect of the introduction of a generally binding minimum wage was investigated by Heitzler and Wey (2010) . In contrast to Haucap et Al. (2001) , they consider fixed rather than variable costs. Furthermore, they allow for efficiency advantages of potential entrants. They theoretically analyse the case where labour costs mainly comprise fixed operating costs and apply this scenario to mail delivery networks. A mail delivery service can only effectively enter a market if it offers full coverage of the relevant area by a network. This network is associated with fixed costs which are independent of the overall mail volume. This scenario is applied to the case of the Deutsche Post and the introduction of minimum wages in postal services which may serve as a barrier to entry, even if the potential entrant is more efficient. Petrakis and Vlassis (2004) regard internationally integrated markets with productivity asymmetries. High productivity firms pay higher wages and still have lower unit costs than their inefficient rivals. Efficient firms have an incentive to opt for a wage floor high enough to raise their relative unit cost advantage and to increase their market share. In the Petrakis and Vlassis (2004) model unit costs are strategic complements and raising rivals' costs has a feedback effect to their own costs. However, the efficient firms gain more by reducing competition than they lose from the increase to their own costs. This strategy could also be applied to force the low performance producers to leave the industry and to discourage entry.
In such a situation, minimum wages create a lower bound for labour costs and therefore limit the room for manoeuvre for firms which follow a low price strategy. The highwage suppliers may regard the introduction of a minimum wage as being "fair" because underbidding strategies are no longer possible 1 . The minimum wage works as a "raising rivals' costs" strategy, but is induced by the legislator and not by incumbents. The possible advantages of firms with a low wage (low cost) strategy will no longer prevail.
Some of these firms are no longer competitive and are forced to leave the market. In addition, the minimum wage may discourage entry by challengers, who in the absence of minimum wages intended to underbid the incumbents. Less entry will further reduce competitive pressure and help to raise prices, therefore benefiting high-wage firms.
To put it differently: Minimum wages lead to a convergence of production costs and therefore limit the opportunity for price competition based on production cost advantages. Since price competition will affect profits of all firms in an industry negatively, minimum wages can help established firms to sustain a higher level of profits. Under a minimum wage regime, competition may rather shift towards quality differentiation, which is probably to the advantage of established high-wage firms.
Summarising, the three theories lead to the following hypotheses on the impact of minimum wages on competition (Table 1) . The competitive market and the raising rivals' cost theories suggest that firms will attempt to use price adjustments in order to pass on the cost increases to customers. If the competitive theory applies, it depends on the intensity of competition in how far this is possible. The raising rivals' costs theory in contrast implies less competitive pressure following the introduction of a minimum wage and price increases are then more easily realized than before. Only the monopsonistic model predicts lower prices as a reaction to the introduction or increase of minimum wages. 
Review of Empirical Results
Not surprisingly research on the effects of minimum wages predominantly focuses on employment effects. Beside employment, prices are perhaps investigated most frequently. Card and Krueger (1994, 1995) consider the fast-food industry but could not reach firm conclusions. Aaronsen (2001) workers, and only a few percent are unskilled workers. In traditional trades, apprenticeship is very common, and apprentices represent up to ten percent of the workforce.
Since roofing services have to be provided outdoors, production depends on weather conditions and often rests during winter time (December to March).
Demand in the roofing market includes four main segments:
-Roofs for new buildings for private clients, including loft conversion and similar construction work: this market is mostly served by local roofers. Price competition tends to take place through the quality of roofing materials used rather than through labour costs. While demand for new private housing has been declining since 2000, there has been an increase in roof conversion activities.
-Roofs for new buildings for corporate or public clients: this market is mostly served by large roofing companies that act as subcontractors of construction companies. The market is highly competitive, and market volumes have been gradually declining since 1995 owing to falling investment in housing and industrial buildings in Germany.
-Repairs to roofs, including energy-efficient upgrades: this market is mostly served by local roofers and by sole traders. It is a fairly stable business, and demand has tended to increase in recent years since an increasing number of houses built after WWII require substantial repair. Public subsidies for upgrading energy-efficiency of buildings have further added to a growing demand for the modernisation of roofs and heating equipment in residential buildings. percent of the roofing firms surveyed report that quality is more important than price in their business, though price competition has recently been reinforced by the introduction of online tender databases. Competition by foreign suppliers is not relevant, except for a few border regions. Private customers, who represent roughly 60 percent of total market volume, often enter into long-term business relations with local roofers. Price elasticity of private demand (with respect to the price for roofing labour) tends to be low since roofing services cannot be substituted by other related services nor can house owners dispense with building and maintaining a roof. Price elasticity tends to be higher with respect to roofing materials, which are a transitory cost item for roofing firms, however.
In October 1997, a minimum wage for workers 3 was introduced in the roofing sector in is equivalent to an annual increase of about 2 percent, which is equal to the average inflation in Germany during this time.
The minimum wage has been of limited relevance for West German roofing firms since most workers receive wages clearly above the minimum wage level. The share of workers for whom the minimum was binding at the time of introduction was 3.9 percent.
When comparing the labour cost increase due to the minimum wage with the total labour costs of all West German roofing firms in 1997, minimum wage introduction The situation is substantially different in East Germany. At the time of introduction, 12 percent of workers in the East German roofing business received a wage below or at the minimum wage level. This share of workers with a binding minimum wage increased to more than 60 percent in 2007. The annual increase in total labour costs of East German roofing firms due to the introduction and gradual increase of the minimum wage was between 1.0 and 2.0 percent for most years since a uniform minimum wage is applied.
Firms reacted upon the minimum wage through different strategies. Increasing prices was the preferred option both for West and East German firms, though it was more often used in the East (Table 2) . Increasing productivity, reducing material costs and mak-ing more use of seasonal labour (which need not be employed during the colder season due to fewer orders) were further options used more frequently. The high share of firms that increased prices in response to higher labour costs caused by the minimum wage reveals that roofing firms have at least some room for passing on cost increases to customers, which is most likely due to a low price elasticity of (private) demand and limited competition in local markets. One should bear in mind, however, that annual cost increases due to the minimum wage are rather low even for firms that have a very high share of workers with a binding wage. The highest annual increase of the minimum wage was 4.7 percent in 2003 for East German firms when the East German minimum wage level was raised to the West German level, and about 2 percent in most other years. Since labour costs for workers represent only about a quarter of total costs of roofing services when material costs are included, total cost increase due to the minimum wage was limited. In addition, in the largest market segment of roofing services, roofs for new buildings, roofers supply only a sub-product of the entire product (the building), and costs for building the roof are only a minor part of total costs. More important, however, is the accumulative effect of the minimum wage if the minimum wage is constantly higher than the productivity of workers with a binding minimum wage. If productivity or workers cannot be increased accordingly, firms will face an increasing gap between labour costs and labour produc-tivity, which can be particularly harmful for newly founded firms with a low initial level of productivity due to inefficient firm size and lack of experience.
Empirical Strategy: Difference-in-Differences
In line with many other empirical studies we apply a difference-in-differences methodology to identify the causal effects of the minimum wage on competition in the German roofing sector. This requires the availability of panel data as the basic idea of difference-in-differences for the identification of any effect is a before-after comparison. It is necessary to have information available on firms which are affected by the policy change (treatment group) and a comparison set of firms for which the policy measure has no impact (control group).
The treatment group consists of firms in the roofing sector. Since roofing firms may be treated by the minimum wage to different extents, depending on the share of workers for which the minimum wage is binding, we use indicators on the degree to which a roofing firm is affected by the minimum wage to control for treatment heterogeneity.
The control group has to consist of firms from an industry which is not covered by a minimum wage and which shares key features with the roofing business. In principle the control group should be as similar as possible to the treatment group, expect for the treatment (Meyer 1995) . Obviously this requirement is difficult to fulfil since there are no two identical sectors. A somewhat weaker assumption is that in the absence of treatment the difference between the two groups would remain constant over time or, put differently, without treatment the time trends are parallel for both groups. This would require that the control group shows similar market structure and demand conditions.
Furthermore the composition of the two groups should not change during the pretreatment period in a way that the outcome variables were affected 4 (e.g. firms anticipating the introduction of minimum wages react by increasing skill requirement for workers, dismissing the workers with the lowest productivity or by leaving the region or the industry altogether).
As the roofing sector is part of the construction service industry, other construction services are obvious candidates for serving as a control group. Luckily for our investigation, two construction service sectors in Germany do not apply minimum wages, namely the plumbing sector (plumbing, heating and air-conditioning installation) and the glazing sector. Analysing structural characteristics or production (capital intensity, wage level, share of labour costs, average firm size, labour productivity) and demand Both in the roofing and the plumbing sector, competition takes place within rather narrowly confined regional markets, and both require a master craftsman's diploma to supply services. In addition, the plumbing sector shares some peculiar market trends with roofers, particularly with respect to the role of solar collector installation as a driver of demand in recent years. Since most solar collectors on private houses are used for water heating, plumbers and roofers often work hand in hand for the same clients. The development of sales ran quite similarly in both sectors prior to the first full year of the minimum wage (1998), except for 1994/95 in East Germany while glaziers showed a significantly different development of demand, as did the main construction trade (Figure 4 ). At the same time, the essential assumption of an absence of control group contamination (i.e. that there are no indirect effects of the minimum wage in the roofing sector on the plumbing sector) holds since both services are not substitutable and there are virtually no firms that offer both services.
We evaluate the impact of the minimum wage on competition in the roofing sector by both comparing the situation prior to minimum wage introduction in October 1997 to the situation afterwards and comparing the development in the treatment group, i.e. the roofing sector with the development in the control group, i.e. the plumbing sector. In the standard difference-in-difference approach, the before-after comparison is made twice, and the outcome variable y is compared as a difference between the two groups:
The sample averages In practice the difference-in-differences estimator is frequently realised by applying a simple regression:
The outcome variable for observation i in year t is again denoted by y , the dummy variable B takes unit value if an observation is part of the treatment group (roofing sector), and d identifies the event of the policy change (introduction and increase of the minimum wage, respectively). The coefficient  captures possible differences between the treatment and the control group before the policy change. The coefficient  0 captures time effects relevant to the period after the policy change has been implemented and  1 captures structural differences between the treatment and the control group independent from the policy measure. The coefficient  is the key variable of interest since it captures the effect of the policy measure on the outcome variable. Vector Z represents a set of control variables that may affect y.
An essential issue of evaluating the impacts of the minimum wage on competition in the roofing sector is to go beyond the mere effects of the minimum wage introduction in 1997. Following the raising rivals' cost hypotheses, a minimum wage would not only affect profitability, entry and exit at the time of introduction, but also in consecutive periods. This is particularly true if the minimum wage increases over time and grows faster than labour productivity. In such a case, potential negative impacts of the minimum wage on less competitive firms and potential entrants will increase over time, and so will the impact on competition. In addition, the treatment effects of the minimum wage will vary among firms according to their wage level prior to minimum wage introduction and prior to a further increase of the minimum wage.
We make account for dynamic and firm-specific effects of the minimum wage by altering (2) by introducing an observation-and time-specific measure of policy change, x:
In our empirical study we use two different definitions for observation i. For the outcome variable profitability, observation i represents an individual firm while the outcome variables market entry, market exit and stock of firms are analysed for regional markets, i.e. observation i represents a region. Regional markets are used because both the roofing and the plumbing market are regionally segmented, and competition takes place within spatially limited areas, which is most often the area of the regional guild.
The boundaries of both roofing and plumbing guilds are identical.
Data
For estimating (2a), we need data on our outcome variables on competition (firm profitability, market entry, market exit, stock of firms), the extent to which a firm or region is affected by the minimum wage, and control variables that may influence outcome variables and are independent of the minimum wage for both sectors over a time period that runs from before the minimum wage introduction to the most recent year available. We combine different data sources to measure our model variables. The firm panel data set is used for estimating minimum wage effects on profitability.
Profitability is measured by the credit rating given by Creditreform for each firm.
Creditreform uses different information for its ratings, including financial and liquidity risks and structural risks such as industry classification, firm age, firm size and productivity, along with "soft factors" such as payment history, volume of orders, firm development or management quality (see Czarnitzki and Kraft 2007) . On the basis of these individual facts Creditreform calculates a rating index ranging from 100 points to a maximum of 600 points. The worst firms receive 600 points and the best ones have 100 points. We transfer this rating into an ordinal variable with nine classes so that the number of observations by class is similar in size. The credit rating basically provides information about the short-term solvency of a firm, which is highly correlated to its current profitability situation. Kraft (2004, 2007) demonstrated that credit ratings are valuable information with respect to a firm's financial performance.
The firm panel data set is further used to calculate our other three competition variables, the number of market entries (this is the number of roofing and plumbing firms that were founded in a certain year), and market exits (this is the number of firms that were closed in a certain year) as well as the number of active firms (this is the number of firms that offered roofing or plumbing services during a certain year, including firms founded and closed during the same year). All three variables are measured for regional markets. We use administrative districts (Landkreise and kreisfreie Städte) to define regional markets. Districts often match one to one with the area of regional guilds, though in some Federal States guilds cover more than one district. There are 413 different districts, compared to 319 different regional guilds in Germany. The average number of roofing firms (excluding sole traders) per district is 26, which is somewhat more than the mean of the number of competitors as reported by roofing firms (17), which indicates that districts may either be too large in some cases to represent actual regional markets or that there is some type of market segmentation among roofing firms within regional markets (e.g. between firms that specialise in new buildings and roof conversion and others that are engaged in repair only).
The extent to which a firm or region is affected by the minimum wage is measured by the 'binding ratio'. The binding ratio in year t gives the proportion of workers at time t-1 that are paid less than the minimum wage at time t:
with L jit-1 being the number of workers j in observation i at time t-1, W jit-1 wage of worker j in observation i at time t-1 and W jt min the minimum wage for the relevant worker j at time t.
We also considered an alternative measure of the significance of the minimum wage for a firm, the so-called wage gap. This indicator measures the change in total wage costs due to the minimum wage introduction or increase. Though the financial burden is expected to determine the extent of a firm's reaction, if many or even all workers initially paid less than the minimum wage are dismissed, the wage gap would be zero, but obviously the minimum wage has had a strong effect. In addition, the wage gap does not represent accumulative effects of the minimum wage on costs which can be particularly important for competition impacts. In contrast, the binding rate is always defined in relation to the situation before the minimum wage was introduced for the first time, when the binding rate was zero. Hence the effect of an increase of the minimum wage is not measured just in comparison to the situation in the previous period since workers paid below the minimum wage during the period before the minimum wage was introduced would still earn less than the minimum wage in later periods, especially in cases where the minimum wage is increased. We prefer the binding ratio over the wage gap as minimum wage indicator since it represents the total burden of the existence of a minimum wage for a firm. This is probably the more appropriate measure if profitability, exit and entry are considered.
Data on the binding rate are taken from the central pay office of the roofing sector (Lohnausgleichskasse, LAK). This database contains all roofing firms that employ bluecollar workers. Data protection regulation impedes a merge of this data with MEP data, however. We therefore follow the approach by Stewart (2003) as well as Galindo-Rueda and Pereira (2004) and make use of the regional variation and size class variation in the exposure to the minimum wage. We calculate the average of all firms in a regional market and a certain size class (up to 5, 6 to 10, 11 to 20 and more than 20 employees) and merge this indicator with firm data based on a firm's location and size. This approach ensures that minimum wage indicators are also assigned to sole traders and other firms in the roofing sector without blue-collar workers (for whom the minimum wage applies)
which is a prerequisite to analyse minimum wage effects on this group of firms. For details on the calculation of the binding ratio and the wage gap, see Aretz et al. (2011) .
In addition, we use a number of control variables that may have an influence on our competition variables. These include firm characteristics, input prices, demand characteristics and market structure characteristics. We use four variables to control for firm heterogeneity: size, age, legal status and qualification of firm owners. Size is measured by the number of persons working in a firm, including both employed and firm owners (thus size equals 1 for sole traders). Age is the number of years since firm foundation.
Both age and size have been found to have a significant effect on the survival of entrants (Geroski 1995) . Size and age way also affect profitability positively (Czarnitzki and Kraft (2004) . Legal status is measured as a dummy variable that equals 1 if the firm owners assume full liability. Qualification of firm owners refers to the highest qualification level in terms of university degree, master craftsman's diploma or journeyman's certificate and is measured through three dummy variables. All firm-specific variables are taken from the MEP.
The development of input prices can affect profitability as well as market exit if prices for materials change considerably and unexpectedly, and challenge initial calculation bases. Since all material inputs used by roofing and plumbing firms are procured from other sectors than the roofing sector, no minimum wage effects on material input prices can occur. Input price development is taken from the statistics on producer prices for building materials which is published by the Federal Statistical Office (FSO). We use the average index for six main roofing and plumbing inputs, respectively (weighted by the approximate input share of each material).
Demand for roofing and plumbing services is approximated by three indicators, the number of new building permits for both private and commercial buildings, the average age of buildings and the square meters of newly installed solar panels on roofs. Demand variables are standard explanatory variables in models explaining profitability (Martin 2003, Ch. 6) . Entry rates are also affected by market growth (Siegfried and Evans 1994) . All three demand variables are measured at the level of regional markets, i.e.
districts. The number of new building permits is taken from building statistics of the FSO and is used to represent the demand segment for new roofs. We relate this figure to the production capacity in the region to control for the size of the region. The square meters of installed solar panels are adjusted for the size of the region by relating the figure to the production capacity in the region. All demand variables enter the model as rates of change since we assume it is the change in demand that affects competition, rather than the level.
Market structure may affect profitability as well as market entries and exits. We use a firm's market share to control for likely market power effects on profitability. Market share plays a very prominent role in empirical research on profitability (Schmalensee 1985 , Martin 2002 . A high market share may reflect efficiency advantages (efficient firms tend to grow at the expense of their rivals and tend to be more profitable at the same time), but the market share is also a determinant of price-cost margins in oligopoly models (see for examples Motta 2004, ch. 3.3.1.6 ). Market share is measured by the share of the number of persons working in firm i in total regional employment in the respective sector. In the regional models, the average market share of firms is used to control for concentration effects on entry and exit. As mentioned before, the relevant market for roofers is in most cases a geographically narrowly defined area 5 . The distance of a firm to its nearest competitor informs about the significance of monopsonistic competition in the labour market and a likely regional monopoly in the product market.
Firm-specific distance to the nearest competitor is calculated based on distances between ZIP areas. If a firm has a competitor in the same ZIP area, distance is zero. In addition, we use lagged entry rates in the regional market for the models on profitability to control for corresponding effects of firm closure on the performance of the remaining firms. However, the literature on entries reports only limited effects on profitability (Geroski 1995) . In the entry and exit models, lagged exit and entry rates are used to represent "revolving door" effects (Santarelli and Vivarelli 2007) , i.e. the incentive to enter a market and try to capture the former market share of the exiting firm and the increased competition by entries that may increase the probability of market exit among the newly founded or the established firms.
For the estimations at regional level, we use regional averages of firm size, firm age, market share and distance to nearest competitor to control for heterogeneity in the regional firm population and corresponding effects on entry, exit and the change in the stock of firms. Table 3 summarises the definition of the model variables used and shows descriptive statistics for the firm-specific and regional data.
Econometric Estimation and Empirical Results
The type of measurement of our outcome variables requires different econometric approaches. Profitability is measured as an ordinal variable with nine classes which suggests the use of an ordered Probit modelling approach. Entry and exit rates are continuous variables, but for many regions there are zero exits and entries in some years.
Across the entire sample of 413 regions and 15 years the share of zero observations is 27.0 percent for entries and 30.5 percent for exits. We employ a Tobit model to capture this data structure. The change of the stock of firms is a continuous and normally distributed variable and makes an OLS the model of choice.
Both the firm-level and the regional models are clustered by 97 planning regions which tend to represent labour market regions as well as the largest geographical reach that may be served by roofing and plumbing firms, though many firms confine their supply to more narrow regional markets. By introducing regional dummies, we try to control for likely spatial autocorrelation effects of demand, market structure in product markets and labour markets of bordering regions. In addition, all models include time dummies that capture, among others, business cycle effects as well as effects of varying coverage of entries, exits and the stock of firms by year in the sample we use.
All models are estimated separately for East and West Germany and for sole traders and non-sole traders. Separate models for East and West are used since the significance of the minimum wage differs widely between the two regions and is likely to exert quite different impacts. Differentiating between sole traders and non-sole traders (i.e. firms with wage labour) is essential since sole traders are not directly affected by the minimum wage and may thus show very different effects than firms for which the minimum wage may be binding. Sole traders are defined as firms with the firm owner being the only person engaged in the organisation, all others are non-sole traders. Among the latter, there might be firms that consist of two firm owners and no wage labour, though this is most uncommon in a trade.
In section 6, we suggested two measures for the significance of the minimum wage, the binding rate and the wage gap. While the former is an indicator for the accumulative effect of the minimum wage since the share of workers with a binding minimum wage tends to increase along with increased minimum wage levels, the wage gap captures short-term cost effects of the introduction and increase of minimum wages. We focus on the results for the binding rate, since for competition the accumulative effect of the minimum wage as an instrument to raise rivals' costs is more significant than a shortterm cost increase. Results of the wage gap yield similar though less robust and significant results. Table 4 shows the estimation results of ordered probit models on firm profitability. The binding has a negative though statistically insignificant effect on the profitability of
West German roofing firms but shows a positive and significant effect for East German roofing firms. The effect of the binding rate on profitability of sole traders is insignificant in both regions. While an insignificant effect for non-sole traders in the West is to be expected given the limited significance of the minimum wage in this region, the positive effect in East Germany suggests that there might indeed be a negative causal impact of the minimum wage on the degree of competition in the East German roofing sectoras compared to the control group of the plumbing sector -which gives room for higher profitability than in the absence of a minimum wage.
Most of our control variables show the expected result and are statistically significant.
Larger and older firms generate higher profitability as do unlimited companies and firms with higher qualification levels of firm owners. Material prices have a negative impact on profitability for non-sole traders but are insignificant for sole traders, which is reasonable since the latter rarely do trade in roofing materials. Demand-side variables show different results. The average age of buildings exerts a positive impact on profitability which is in line with the significance of repair work as the main business line for most roofing and plumbing firms. Since the need for repair work often comes unexpectedly for the clients and calls for urgent response, firms tend to be in a favourable negotiation position and are able to enforce higher prices for their services. The change in the number of building permits in the regional market has no significant effect on firm profitability. This result may indicate that the market segment for new roofs is of lim-ited significance for many small firms, and if they engage in this market segment, price competition is more severe since roofing and plumbing firms are typically subcontractors of larger construction firms which may exert buyer power. Demand for solar collector installation has a positive effect on the profitability of non-sole traders in East Germany, but no effect in the West. The level of profitability of roofing firms is significantly lower than that of plumbing firms, as revealed by the negative coefficient for the roofing firm dummy.
Estimation results of the models on entry and exit are shown in Table 5 and confirm the results of the model on profitability with respect to minimum wage effects. The binding rate shows a highly significant negative effect on market entry of non-sole traders in the East German roofing sector and a highly positive effect on entry of sole traders in the same region. For West Germany, we find no significant effects. Market exit is hardly affected by the minimum wage, though we find a weakly significant negative effect on the exit rate of non-sole traders in the East. This finding is not very robust, however, as the significance level falls below the 10 percent threshold for slightly different model specifications. In addition, we do not find a significant negative effect of the minimum wage for a firm's likelihood of exiting the market when running hazard rate models on market exit based on the firm-level data set.
Entry rates in regional markets tend to be lower if average firm size and age of existing firms is low and prices for materials go up. Exit rates are also lower if a region's firm population is young. Increasing prices for materials tend to increase the probability of sole traders exiting the market both in East and West Germany. Effects of demand variables on entry rates are mostly insignificant except for the average age of buildings which tends to spur entry of sole traders in the East at the expense of entries by non-sole traders. A decrease in new building permits raises market exits of non-sole traders in the West while there is a negative impact on the change of repair demand on market exits of non-sole traders in the East. For some reason, sole traders in the East show higher exit rates when repair demand increases. A low average market share of firms in a regional market tends to increase exit rates for both sole and non-sole traders in the West and for sole traders in the East. There is also a negative impact of average market share on entry rates of non-sole traders in the West.
If firms in a region are located further apart from each other, exit rates are lower, but in the West this situation also leads to lower entry rates. A high exit rate of non-sole traders in the previous years spurs market entries of non-sole traders in West Germany, while for the East we find a negative impact of lagged entry rate on market exits of nonsole traders. Both results support the existence of some sort of "revolving door" effects in the roofing and plumbing business. Finally, we look at the impact of minimum wages on changes in the stock of firms (Table 6 ). The estimation results support the findings of the previous models. In East Germany, the stock of sole traders in a regional roofing market increases the higher the average binding rate of firms is. For non-sole traders in the East, we find a negative, but not statistically significant effect of the binding rate on the stock of firms. The negative effect of the minimum wage on both the number of entries and the number of exits of sole traders in the East German roofing market go together with a stable stock of firms.
Again we do not find any statistically significant effects for West Germany.
Most of our control variables do not work well in the stock-of-firm models and are insignificant, except for the average age of the firm population in a regional market which shows a negative effect. There is a significantly stronger growth of the stock of roofing firms compared to plumbing firms.
The model results show evidence that a strategy of raising rivals' costs through a minimum wage and by that reducing the degree of competition in the market might in fact be at work in the German roofing sector as far as East Germany is concerned. In this region, the minimum wage contributed to lower entry rates and a lower stock of firms than in the absence of this policy instrument. Lower competition helped the firms to reach a level of profitability they otherwise would not have been able to realise. A precondition for higher profitability is the ability of firms to increase prices to compensate for higher costs of the minimum wage. Our survey of roofing firms clearly showed that most East German firms indeed reacted upon the minimum wage by increasing prices which is a clear sign that there is room for price pass-through in the roofing market.
Unfortunately, there are no regionally differentiated price data for roofing services available in Germany that would allow a statistical test. Analysing the impact of the minimum wage on prices for roofing services in Germany as a whole shows a small positive impact of the average binding rate on the level of prices for roofing services.
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This result provides further support for price pass-through, particularly as one may only expect small effects if any for Germany in total given the limited significance of the minimum wage as a cost raising component in West Germany.
A major finding of this study is that the minimum wage implies different competition effects for different types of firms. The above-mentioned impacts only hold for firms which employ wage labour. In a trade such as roofing, there is also opportunity for sole traders to offer services and run a business, either by focussing on smaller repair work, by working together with other sole traders or by serving as subcontractor to other (larger) roofing firms. Sole traders are not directly affected by the minimum wage since only wage labour is subject to the regulation while sole traders are self-employed persons. We find evidence that the minimum wage contributed to a growth in the number of sole traders in the East German roofing sector, particularly by stimulating market entries. It is difficult to assess whether these market entries represent an evasion strategy of established firms. One could also argue that market entries of sole traders are a reaction of more skilled workers in East German roofing firms who are faced with stagnating nominal wages as many East German roofing firms tried to compensate for higher wage costs due to the minimum wage by saving costs on the side of higher qualified workers whose wages were gradually squeezed towards the minimum wage level (see Aretz et al. 2012 ). While we have no data at hand to directly evaluate the presence of an evasion strategy, shifts in the qualification level of sole traders as well as the persistence of remaining a sole trader in the business (and not starting to employ workers) may give some hints. The share of roofing journeymen who started a sole trade was very low in the first years after the introduction of the minimum wage and increased since then both in the West and the East though most recently the share has been higher in East Germany (Table 7) In the West it is most unlikely to be the result of evasion as the share of workers covered by the minimum wage is below the share of sole traders. In the East, however, evasion may well be the case and the data is at least not inconsistent with such an interpretation. 
Conclusions
This paper analysed the impact of a minimum wage on competition in a particular sector of the German construction business, the roofing sector. A minimum wage for bluecollar workers was introduced in this sector in 1997 and has been raised gradually since then. The minimum wage is of high significance in eastern Germany, where the regulation is binding for up to 60 percent of all workers while the policy instrument is of lim-ited relevance in the western part of the country where only about 10 percent of workers are affected.
Our aim was to contribute to the small amount of literature investigating the effects of minimum wages for competition. Our study benefited from a broad coverage of firms operating in a specific industry and a large diversity of the binding nature of the minimum wage. As required for consistency we only find effects for eastern Germany where, in contrast to western Germany, a large proportion of all workers are affected by minimum wages. A main advantage and perhaps an innovative element of the present study is the use of several control variables on firm characteristics, input costs, development of demand and market structure. These variables have a firm foundation in the literature and are standard in the analysis of competition.
We investigated the impact of the minimum wage on four competition indicators: firm profitability, market entry, market exit, and stock of firms. We analysed the development of the industry over time, which is probably of high relevance for economic welfare. The time period covered by our study is long enough to observe market adjustment by exit and entry, which in many cases will only slowly react to changes in market conditions. We focus on the accumulative effect by using the binding rate, that is the share of workers for which the minimum wage is binding. If a minimum wage exists for a long time and is increased gradually, cost-raising effects of the minimum wage as compared to a situation without a minimum wage tend to increase over time. Such a cost increase may particularly hurt potential entrants since in a trade such as roofing newly founded firms are typically less productive than established firms owing to a lack of scale economies and market experience. In addition, they may suffer from lack of reputation. In many industries, entrants try to compensate for the disadvantage of newness by offering lower prices for their services, based on lower production costs, including lower wages than established firms. A minimum wage may undermine this strategy.
From the point of view of established firms, a minimum wage raises rivals' costs, can prevent market entry and reduce the degree of competition.
Employing a difference-in-difference approach with the plumbing sector as a control group and using a 15 year firm panel data set that almost fully covers the firm population in both sectors in Germany we find evidence for a competition-reducing effect in the eastern part of the country. Minimum wages contributed to lower entry rates of nonsole traders (i.e. firms with employees) and a lower number of non-sole traders operating in the East German roofing market as compared to the hypothetical situation of no minimum wage. Exit rates of non-sole traders in East Germany may also be lowered, but the robustness of this finding is weak. Minimum wages also led to higher profitability for East German non-sole traders than one would have found in the absence of a minimum wage. Higher profitability may be associated with lower competition as well as the ability of firms to pass through higher costs to customers. The latter may result from low price elasticity of demand owing to the fact that roofing services cannot be substituted by suppliers from other industries and that customers cannot simply refrain from repairing a damaged roof while for new buildings, labour costs of roofers are a negligible part of total building costs.
Another important finding is that the minimum wage spurred the growth of sole traders in the East German roofing market. A shift form non-sole to sole traders may indicate some type of evasion behaviour since sole traders are not subject to minimum wage regulation and often serve as subcontractors for other roofing firms, though many may manage to run an independent business based on repair work and co-operation with other construction services, e.g. for installing solar collectors. The growing number of sole traders in East Germany may also reflect less attractive working conditions for the more qualified workers. Aretz et al. (2012) found that the minimum wage not only affected the employment probability of workers with a binding minimum wage negatively, but also of workers paid above the minimum wage level. In addition, the wage distribution in East Germany was compressed towards the minimum wage level over time, resulting in less opportunity for qualified workers to earn significantly above the minimum wage. Some of these qualified workers may have opted to start their own business to increase their earnings, particularly since moving out of their region (e.g. to move to West Germany, where wage levels for qualified roofing workers are much higher) is often seen as no option due to family obligations and ties to property.
Throughout our analysis we did not find any competition effects of the minimum wage for West Germany.
As with any study, our analysis has a number of limitations that should be pointed out.
Unfortunately we were not able to identify the share of workers with a binding minimum wage at the firm level. Instead we use the regional and size class variation in coverage of workers by the minimum wage as indication concerning the relevance of this regulation. While we find a rising share of sole traders, we know little about the nature of this trend. In particular, we cannot determine whether newly founded sole traders in East Germany are the result of an evasion strategy or just induced by the dismissals of the non-sole roofing firms. To clarify this, more detailed analysis would be needed, including interviews with sole traders about their business strategy.
Another shortcoming of the study is the neglect of potential spillovers from other construction industries with minimum wages. Most importantly, the main construction trade is also subject to a minimum wage which was introduced in January 1997, a few months before the roofing minimum wage came effective. Demand for roofing services may be affected by changes in prices for buildings that are due to the minimum wage in the main construction business, particularly for the market segment of new buildings, since roofs are a sub-product of buildings and demand for erecting new roofs is simply a derivative of the demand for new buildings.
